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論 文 内 容 要 旨	 	 	 	 	 	 	 	 	  
 In this thesis, synthesis and properties of random and block copolymers having catechol groups, which show 
reduction and high adhesion properties, were discussed. Random and block copolymers were synthesized by free radical 
polymerization and reversible addition-fragmentation chain transfer (RAFT) polymerization method, respectively. Synthesized 
block copolymers acted as reductive nanoscale reactors for preparation of metal nanoparticles. Random copolymers were 
stably adhered onto various substrates even in strong acidic and alkaline conditions, and they were used as surface-coating 
materials of inorganic nanoparticles to be dispersed in organic solvents. These results show that the newly synthesized 
copolymers are useful for controlling chemical and physical properties of interfaces among materials.  
 
Chapter 1. Introduction 
 In nature, mussels can adhere onto 
various types of inorganic (e.g. silicon oxide 
and iron oxide, which are main components 
of rocks) and organic surfaces even 
low-surface-energy materials such as 
poly(tetrafluoroethylene) (PTFE). It has been 
reported that adhesive properties of mussel 
plaques were originated from catechol groups. 
These unique characteristics of catechol 
groups have been exploited and various types 
 
Figure 1. Synthetic routes of (a) poly(DAA-co-DMA) and (b) PDHSt-b-PSt. 
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of catechol-containing copolymers were synthesized, and their functions were evaluated their functions. This doctoral thesis 
aims to synthesis of catechol-containing copolymers having novel functions, which act as amphiphiles for preparation of 
porous films and nanoreactors for preparation of silver NPs with well-controlled their sizes. Applications of 
catechol-containing copolymers for preparation of materials using their adhesive and amphiphilic properties were studied. 
 
Chapter 2. Synthesis of Random and Block Copolymers Having a Catechol Group 
 It is a great challenge to control the adhesion and reduction properties of the polymers via the compositional control 
of random and block copolymers. In this chapter, synthesis of two different types of copolymers was discussed. Novel random 
and block copolymers, poly(dodecylacrylamide-co-3,4-dihydroxyphenethyl methacrylamide) (poly(DAA-co-DMA)) and 
poly(3,4-dihydroxystyrene-block-styrene) (PDHSt-b-PSt), that contains catechol groups in side chains of DMA monomer and 
PDHSt moieties, were proposed. The poly(DAA-co-DMA) was synthesized by free radical polymerization. The PDHSt-b-PSt 
was prepared by RAFT polymerization of 3,4-dimethoxystyrene and styrene followed by deprotection of the methoxy groups. 
Chemical structures of poly(DAA-co-DMA) and PDHSt-b-PSt were shown in Figure 1. 
 
Chapter 3. Reduction Properties of PDHSt-b-PSt and Application for Nanoreactor with Automatic Reduction Property 
 Amphiphilic block copolymers are suitable materials for nanosized reactors to prepare surface-coated NPs. Metal 
NPs with a narrow size distribution, especially silver and gold NPs that show unique plasmonic resonances, can be synthesized 
by reducing metal ions in block-copolymer micelles with reducing agents. Therefore, when PDHSt-b-PSt is used, the polymer 
can act as nanoscale reactors that can automatically reduce metal ions. Catechol moieties may also stabilize the metal NP 
surfaces because of their adhesion properties. In this chapter, 
reduction properties for silver ions and the relationship between 
silver NP sizes and molecular weights of the catechol-containing 
segment were discussed. By mixing the block copolymer and 
metal ions, metal NPs were synthesized at room temperature. The 
NPs formed a stable dispersion in THF, and the size distribution 
was narrow. Histograms of the NP diameter were shown in 
Figure 2. Ag NP sizes were successfully controlled by changing 
molecular weights of PDHSt of the block copolymers. 
 
Chapter4. Adhesive Properties of Poly(DAA-co-DMA) in Dry Condition and Application for Substrate-independent Adhesive 
Layer 
 
Figure 2. Histogram and typical SEM image (inset) of 
silver NPs prepared with molecular weights of PDHSt 
of 3.2 (blue), 6.5 (green) and 19.8 (red) kg/mol, 
respectively. (Scale bar; 50 nm) 
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 Requirements for nanoscale structures have enforced researchers to develop novel fabrication techniques. 
Nanoimprint lithography (NIL) is one of the state-of-art microfabrication technologies realizing nanoscale two-dimensional 
features by simple embossing surface templates mold onto polymeric resins. However, due to the exfoliation, imprinting of 
hydrophobic polymeric resins on hydrophilic substrates or inverted hydrophobicity combinations is difficult. In this chapter, 
adhesive properties of poly(DAA-co-DMA) in dry condition were discussed and applications for substrate-independent 
adhesive layer were demonstrated. Surface patterns were 
successfully transferred onto glass substrates (Figure 3). 
By using poly(DAA-co-DMA) as a binder layer, alkyl 
chains miscible with PS phases and catechol moieties 
strongly adhered onto the silica glass substrates owing to 
complexation and hydrogen bonding between catechol 
groups and silica glass surfaces. 
 
Chapter 5. Application for Amphiphiles for Preparation of Honeycomb-patterned Porous Films and Adhesive Properties of 
Poly(DAA-co-DMA) in Wet Condition 
 Porous surfaces can be used in a wide variety of practical applications. The top layers of honeycomb films are good 
templates for preparing porous surfaces because of their simple fabrication and the arrangement of pores on the surface. Wet 
etching is a simple and low-cost method for patterning various inorganic substrates. The mask is prepared on the substrate, and 
then the substrate is soaked in an etching solution to dissolve the unmasked material. However, because wet etching requires 
strong alkaline or acidic conditions, the mask can degrade or peel away from the substrate surface, which results in 
non-uniform surface patterning. Therefore, masks which are capable of substrate-independent adhesion and adhered onto 
substrate surfaces even in a high salt-containing solution are particularly desirable. In this chapter, applications of 
poly(DAA-co-DMA) for adhesives and amphiphiles for fixing wet etching masks and creating honeycomb films were 
demonstrated. Strong substrate-independent adhesive 
honeycomb films were successfully prepared by using 
an amphiphilic copolymer (poly(DMA-co-DAA)) 
containing catechol groups as hydrophilic moieties 
(Figure 4(a)). The top layers of the honeycomb films 
adhered onto aluminum, titanium, silica glass, 
polyimide, and PTFE surfaces under acidic and alkaline 
conditions, and were successfully used as etching 
 
Figure 3. AFM images of PS on glass (a) with and (b) without 
poly(DMA-co-DAA). 
Figure 4. (a) SEM images of a honeycomb film and (b) AFM result 
of etched aluminum substrate after removal of a mask. 
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masks (Figure 4(b)). 
 
Chapter 6. Application of Poly(DAA-co-DMA) for Surface-Coating Materials and Fabrication of Hierarchic-Porous Inorganic 
Films 
 Inorganic porous materials have been used for applications including catalysis and catalyst supports, owing to their 
large surface areas and surface activities. Hierarchic porous structures have been used to improve properties of inorganic 
porous materials further. There are several methods for preparing hierarchic porous inorganic materials, such as the sol-gel 
process. However the method can select a few kind of precursor, and need sacrificial templates. Honeycomb films are prepared 
by casting solutions containing hydrophobic polymer and an amphiphilic copolymer dissolved in water-immiscible organic 
solvents under highly humid condition. Microporous films with regular arrangements of uniformly sized pores are prepared by 
the simple casting method. When the honeycomb films are prepared from nanoparticles (NPs), resulting films would have 
nano-pores among NPs. In this chapter, a preparation method of porous films with nano- to micron- sized hierarchic pores by 
the breath figure technique were shown. A chloroform solution of poly(DMA-co-DAA) was added to a nanoparticle dispersion. 
After removing excess of the polymer, the NP was re-dispersed in chloroform. Surface-coated NPs were stably dispersed in 
water-immiscible organic solvents without aggregation of NPs (Figure 5(a)). Honeycomb-patterned porous inorganic films 
were prepared from the surface-coated NPs and 
amphiphilic copolymers by using the breath figure 
technique. The films maintained their 
three-dimensional structures after sintering at 600 °C 
in air, and nanoscale pores were formed between the 
NPs, creating hierarchic pores from nanoscale to 
microscale (Figure 5(b)).  
 
Chapter 7. Conclusion 
 Chapter 7 is a summary of this thesis. In this research, synthesis and properties of copolymers containing catechol 
groups, which have substrate-independent adhesion properties and reduction properties, were discussed. Synthesized 
catechol-containing block copolymers were acted as reductive nanoscale reactors for preparation of metal nanoparticles, and 
synthesized catechol-containing random copolymers achieved strong and stable adhesion onto various material surfaces. These 
results show that the newly synthesize copolymers are useful for controlling chemical and physical properties of interfaces 
among materials. 
 
Figure 5. (a) Photograph and DLS results of TiO2 NP dispersion before 
(broken line) and after (solid line) coating, and (b) SEM images of 
hierarchic porous NP film. 
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